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Table 1 Drug-specific indicators of performance by laboratories according to the method (kit) used for DST

Percentage of each indicator (range)

Indicator Bitspectre-SR Welpack S MGIT 1% Ogawa BrothMIC MTB-I All
n=23 n=15 n=>5 n=3 n=2 n=48
INH
Sensitivity 100 100 100 100 100 100
Specificity 99.5 (87.5-100) 100 92.5(62.5-100) 100 100 99.0 (62.5-100)
Efficiency 99.8 (95.0-100) 100 97.0 (85.0-100) 100 100 99.6 (85.0-100)
Reproducibility 99.6 (90-100) 100 98.0 (90-100) 100 100 99.6 (90—100)
kappa* 0.995 1 0.936 1 1 0.991
RFP
Sensitivity 96.4 (83.3-100) 99.4 (91.7-100) 96.7 (83.3-100) 100 100 97.7 (83.3-100)
Specificity 100 100 100 100 100 100
Efficiency 97.8 (90.0-100) 99.7 (95.0-100) 98.0 (90.0-100) 100 100 98.6 (90.0-100)
Reproducibility 98.3 (90-100) 99.3 (90-100) 100 100 100 99.0 (90-100)
kappa 0.955 0.993 0.958 1 1 0.972
SM
Sensitivity 84.4 (66.7-100) 95.6 (75.0-100) 86.7 (66.7-100) 83.3 (66.7-100) 70.8 (66.7-75.0) 87.5 (66.7-100)
Specificity 98.9 (87.5-100) 100 95.0 (87.5-100) 100 100 99.0 (87.5-100)
Efficiency 90.2 (80.0—100) 97.3 (85.0-100) 89.9 (80.0-95.0) 90.0 (80.0-100) 82.5 (80.0-85.5) 92.1 (80.0-100)
Reproducibility 97.0 (70-100) 98.7 (90-100) 96.0 (90-100) 100 95.0 (90.0-100) 97.5 (70-100)
kappa 0.803 0.945 0.795 0.8 0.66 0.84
EB
Sensitivity 100 100 95.0 (75.0~100) 100 100 99.5 (75.0~100)
Specificity 97.1(75.0-100) 100 98.3(91.7-100) 100 87.5 (75.0-100) 97.9 (75.0-100)
Efficiency 98.3 (85.0-100) 100 97.0 (90.0-100) 100 92.5 (85.0—100) 98.5 (85.0-100)
Reproducibility 97.4 (70.0-100) 100 94.0 (80.0-100) 100 95.0 (90.0—-100) 97.9 (70-100)
kappa 0.964 1 0.936 1 0.848 0.97

*kappa: kappa coefficient

INH: isoniazid RFP: rifampicin SM:

streptomycin  EB: ethambutol
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Table 2 Number of laboratories (Total = 48) which produced resistant result to each strain assigned

Strain D INH RFP SM EB

JUD Labs. Labs. JUD Labs. JUD Labs.
X-8249 oosaoor 5 sQ00) g ROO) o2 8(100) |
X-7691 2 Ra0D) ig R (95) :Z s @1) 2 ROD
X-128 nosam  , R(100) o RO o saoy
IX-5655 o RQ0D) ig RUI0D) 3 ROO) 7 500 0
vi47s 3 ROS) 4 ROS 4 RO :g ROS) g1
V280 2 s J saoy o sqo0) o sao0 0
vi-io T2 RQ00) jg ROS) G RA0D 4 ROS) jg
V-59 o RA0D) S RO :2 S 95) o sey )
V-38 oo RAOD) j5 s@00) O RAOD) i ROD
V-52 ;8; S (100) g S (100) 8 S (100) g S (100) 3

JUD: Judicial Judgement by Supranational Reference Laboratory Network
*Inter-laboratory agreement ratio in SRLN is indicated in parenthesis (%).

Labs: Number of laboratories which showed resistant result

S: Susceptible, R: Resistant

Table 3 Performance indicators for each drug tested by laboratory categories

Laboratory Drug Sensitivity (%)

Specificity (%)

Efficiency (%) Reproducibility (%) kappa'

Hospital INH 100.0

(n=25) RFP 97.0 (83.3-100) 100.0

SM 88.3 (66.7-100)
EB 99.0 (75-100)
Private INH 100.0 100.0
(n=23) RFP 98.6 (83.3-100) 100.0
SM 86.6 (66.7-100)  100.0
EB 100.0

98.0 (62.5-100)*

98.0 (87.5-100)
96.3 (75-100)

99.6 (91.7-100)

99.2 (85-100)
98.2 (90-100)

99.2 (90-100) 0.983
98.8 (90-100) 0.963
92.2 (80-100) 96.4 (70-100) 0.841
97.4 (85-100) 96.4 (70-100) 0.946

100.0 100.0 1.000
99.1 (90-100) 99.1 (90-100) 0.982
92.0 (80-100) 98.7 (90-100) 0.838
99.8 (95-100) 99.6 (90-100) 0.995

*Range in parenthesis
T kappa: kappa coefficient
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Table 3D T & { TH o 72, Fig IZRBERHOITHD &
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Isoniazid Value Rif: .. Value
soniazi <90% (%) lrampicin <90% (%)
Sensitivity 88 : 13(3)
Specificity gg 88
Efficiency H 28 H 1;(3)
Reproducibility H o i 120
100 80 60 (%) 100 80 60 (%)
. Value Value
Streptomycin <90% (%) Ethambutol <90% (%)
Sensitivity 56.0 00
52.0 4.0
Specificit 0.0 00
peciictty h* 16.0 E‘.h 120
. 56.5 0.0
Efficiency ; 520 m 16.0
Reproducibility H ;g‘g H 20
100 80 60 (%) 100 80 60 (%)

Fig. Range and variety of values by laboratory category
Open bar: private commercial laboratories, Closed bar:hospital laboratories

Table 4 Performance indicators for each drug tested by the number of samples treated yearly

Laboratory Drug Sensitivity (%) Specificity (%) Efficiency (%) Reproducibility (%) kappa'
>300/year INH 100 98.4 (62.5-100)* 99.4 (85.0-100) 99.6 (90-100) 0.987
RFP 99.0 (83.3-100) 100 99.4 (90.0-100) 99.6 (90-100) 0.987
SM 89.5 (66.7-100) 99.0 (87.5-100) 93.3 (80.0-100) 98.3 (90-100) 0.864
EB 99.0 (75.0-100) 98.6 (75—100) 98.7 (85.0-100) 97.5 (70—-100) 0.974
=300/year INH 100 99.5 (87.5-100) 99.8 (95.0-100) 99.6 (90-100) 0.996
RFP 96.5 (83.3-100) 100 97.9 (90.0-100) 98.3 (90-100) 0.957
SM 85.4 (66.7-100) 99.0 (87.5-100) 90.8 (80.0-100) 96.7 (70-100) 0.815
EB 100 97.2 (75.0-100) 98.3 (85.0-100) 98.3 (90-100) 0.966

*Range in parenthesis
T kappa: kappa coefficient

D SNz FHEIC RFP TIXRKEHT90% % T [ 5 ik
PREL Y ¥ —T 1% (4.3%), —BRREETIMHE
(12%) BHLNTW5B, HREHTOERIZEBTED
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Table 5 Quality improvement of laboratory performance by on-site evaluation

Isoniazid (%) Rifampicin (%) Streptomycin (%) Ethambutol (%)
2003 2004 2003 2004 2003 2004 2003 2004
Laboratory A
Sensitivity 28.6 100.0 75.0 100.0 66.7 91.7 33.3 100.0
Specificity 100.0 100.0 66.7 100.0 64.3 100.0 71.4 100.0
Efficiency 50.0 100.0 70.0 100.0 65.0 95.0 60.0 100.0
Reproducibility 100.0 100.0 100.0 100.0 90.0 90.0 100.0 100.0
Laboratory B
Sensitivity 100.0 100.0 62.5 100.0 50.0 100.0 100.0 100.0
Specificity 100.0 100.0 100.0 100.0 100.0 100.0 85.7 100.0
Efficiency 100.0 100.0 85.0 100.0 85.0 100.0 90.0 100.0
Reproducibility 100.0 100.0 90.0 100.0 90.0 100.0 100.0 100.0

RREE - BRRE - B - BUM - «BREIBERELL
P, MERECHERELZ I 2P o7z,

(6) MEYH

2003 4E E ORI B CREBESTI 5L BbD
h72ERICDoWT, BB W TREFIHEORE L £
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% =

WHO/IUATLD Stop TB Laboratory Subgroup T i £ 4
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19 CTRHELHE) THY, SEHAV/EROHPTIE
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b BT, SRLN TO—HFIX90% (20 fE3% 18 Higk T
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FI1HEELTEY PEBRL TV, SEOSMIEE
T, 23ME%ATX-8249Bk DT H % B2 EHEL, 2
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T66.7% (3 MEFk 2 iEf%), MGITT20% (5% 1
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12 BEEBRBD R o72h, SEIE Y P AR | L-SR

Z2oWT, 7Ny 7 SB XU MGITIZN LU CTHLEEAS
ZLADOLNT. T2 SMOBKEIZDOWTIZHABARE
ZEoTHEEFTADOLNTWAES, BHARMRE)
HBFHEAGRBEOREZ EH->TB Y, FRNOKR
THhole TOHIZOVTH, BERD—D L LT
WX A RMRAR A ER L RBETY vy P AR FIL-SR
BELMH IR T 7z (LB EHE B T80.0% 10
LT, BRANET2.1%) ZEBEZLND,

L Liads, BEETHE 1%/MIEHBTD 66.7%
DWEEA SMBEZERHEHELTWARZLE2EET AL,
Fik (BR) OAOHMBETRRVWEZZ SRS, SMD
FHHERE (2D W TIX, Lowenstein-Jensen 3Tz BT 5%
BIRETH 54 pug/miH* 1 %/MIEEHTIE 10 pg/ml A
LFBHI LR, FREBS COREREDORENTD
NTWV25% SMIZBIT 5O B/NFM (ERRE) 12,
2002 F I HARMRERNBREREERIZROME
¥ B MR TEME & N7 T IR A M SR BRI M D RS B AT
fli%°, 2003 FEEIZEM L72REL Y & — 123 558
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WAER, SEHEDOR—BN Do ThokicBn
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HEHE L TW/A, i SRLN Tid 100% O Hi 5k
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Lo 1Mo b ot HELTEY,
CHUSFEHER - BN LMELZEZ Shiz,

2003 4 B @ Panel testing CHFRBEICRIREA 3 - 7- EB
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2o ThZSHOBEKEBIRT SI12H 7> T2003FE
XY b SRINMERE—BEEOBWH|EREL/HEREE
Abhd, LMALeds, SE4SHETRES Wiz
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EXTERNAL QUALITY ASSESSMENT OF DRUG SUSCEPTIBILITY TESTING
FOR MYCOBACTERIUM TUBERCULOSIS

Satoshi MITARAI
The Committee for Mycobacterial Examinations, The Japanese Society for Tuberculosis

Abstract [Objective] The Committee for Mycobacterial
Examinations has planned and implemented the third external
quality assessment of drug susceptibility testing for Mycobac-
terium tuberculosis to the hospital and private laboratories.
[Method] The Committee delivered 20 M. tuberculosis
strains, exactly pairs of 10 strains, which were evaluated and
standardized for the drug resistance pattern in the WHO/
IUATLD supra-national laboratory network (SRLN). The
agreement of the majority of SRLN laboratories was consid-
ered as the gold standard of susceptibility result for each strain
tested. Each laboratory performed the drug susceptibility
testing (DST) with its own routine method. The sensitivity
to detect drug resistance, the specificity for susceptible strain,
the efficiency of overall agreement, the reproducibility for
each pair, and kappa coefficient were calculated to evaluate
their performance. DST was performed for isoniazid (INH),
rifampicin (RFP), streptomycin (SM) and ethambutol (EB).
[Results] A total of 48 results has been collected. The
overall sensitivity, specificity, efficiency, reproducibility and
kappa coefficient for each anti-tuberculosis drug tested were
as follows respectively ; 100%, 99.0% (62.5-100), 99.6%
(85.0-100), 99.6% (90-100) and 0.991 for INH; 97.7%
(83.3-100), 100%, 98.6% (90-100), 99.0% (90-100) and
0.972 for RFP; 87.5% (66.7-100), 99.0% (87.5-100),
92.1% (80-100), 97.5% (70-100) and 0.84 for SM; 99.5%
(75.0-100), 97.9% (75.0-100), 98.5% (85.0-100), 97.9%
(70-100) and 0.97 for EB. Regarding private laboratories, all
indicators showed 100% for INH but 2 hospital laboratories
showed less than 90% in sensitivity. As for RFP, one private
laboratory (4.3%) and 3 hospital laboratories showed less
than 90% in sensitivity. The major difference between private
and hospital laboratories was seen in EB. One hospital labora-
tory (4.0%) showed less than 90% in sensitivity and three
(12.0%) showed less than 90% in specificity, compared to
none in private laboratories. Additionally, six hospital labora-

tories (24.0%) showed less than 90% in reproducibility. As
for quality improvement, two private laboratories that showed
poor performance in 2003 have improved their quality up to
100% in 2004.

[Discussion] The overall efficiency by private and hospital
laboratories satisfied WHO criteria. However, it diverged in
each category of laboratories and hospital laboratories tended
to show poor performance compared to the private ones.
The reason for the difference was not clear, but the routine
workload, allocated time and cost for the panel testing might
contribute to it. The sensitivity of SM was relatively low
compared to the other drugs as it was observed in 2003.
It was mainly due to two strains to which the participating
laboratories showed poor agreement to the gold standard.
The difference of critical drug concentration for SM in
Lowenstein-Jensen and in 1% Ogawa medium might contrib-
ute to the discrepancies. As for quality improvement, two
private laboratories with poor performance in 2003 have
shown marked improvement after on-site evaluation. The
results indicated the usefulness of external quality assessment
for the maintenance and improvement of the quality of the
test.

Key words: Tuberculosis, Drug susceptibility testing, Private
laboratory, Hospital laboratory, External quality assessment
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